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Creep Damage Development of a 1.25Cr—0.5Mo Steel Weldment Exposed to Long Term Service

Shimpei FunBayasHi, Takeo OHTSUKA and Takao ENDO

Synopsis : Most of mechanical problems take place at weldment especially for the components operated in the creep regime. In the present paper, creep

damage development of a service exposed 1.25Cr-0.5Mo steel weldment containing the service induced damage at HAZ associated with

high temperature operation for 23 years has been examined. The components fabricated from a 1.25Cr—0.5Mo steel tend to suffer premature

Type III damage at the early stage of operations. Though the similar tendency has been observed in the current work, the ultimate failure

mode has been predominantly Type IV. The Type IV failure was generated in a relatively short period of time by applying spirally notched

specimens. The transition of a failure mode from ductile transgranular rupture at a parent material to brittle intergranular cracking at Inter-

critical HAZ (ICZ) took place with the increase in time to failure. And the difference in the susceptibility to damage at HAZ between two

materials (a pipe fabricated from plates and a forged flange) constituting welds was found. Despite lower creep strength of a pipe parent,

HAZ generated on the pipe side has been almost immune to both Type III and Type IV damage in the testing conditions examined, suggesting

that the creep life of weldment is not necessarily determined by creep strength of parent materials.

Key words: type IV cracking; 1.25Cr-0.5Mo steel; weldment; creep; creep life assessment.
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Table 1. Chemical compositions of materials.

Flange parent Weld metal Pipe parent
(wt%) (Wt%) (wt%)
C 0.12 0.066 0.10
Si 0.43 0.43 0.65
Mn 0.51 0.61 0.47
Cr 1.31 1.37 1.21
Mo 0.54 0.57 0.45
P 0.015 0.009 0.012
S 0.015 0.009 0.004
Cu 0.11 0.092 0.05
Sn 0.023 0.012 0.002
As 0.029 0.019 0.012
Sb 0.003 0.010 0.001
C.EF. 0.192 0.180 0.056

Rl

Fig.

Fig. 2. Optical micrograph of a flange parent.
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Fig. 3. Definition of the location for a square cross-weld
specimen.
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Fig. 4. Type III damage found at the top surface.
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Fig. 5. Type III damage found at the side surface.
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mmY .y FTHEERD /v F BT =284 50 - /oy F
AERF (Vv FRE D lmm, /v FEHZERE D 0.1mm)
RV, bk, BRF IR IZ McLaughlin® & D3R 4 %
WL7=. 251 50 - 7 o FIZ kB HERREKT, Bl
DENFGTHRESAIRAELEEED27TH S, A8
AT 7y FREBFERO-ERT, EREER T
ATV A2 BRS 5208, BESEBRT 2850
UIREEZMAFANS-0TH 5, FlEABKE L0238
ATn -y FREBEF OREMTEREL Z LZ L 90mm, 50.8
mmT&H D, FEAMIIED 2B EEBOEAIE, 019 (F
W) BEU034 (25450 - ) 9F) BETHS,

3. HERER
3.1 BRE#HFOIY-—THEEHES

B, RSB & BT 2B 5 B RS B 4 Table
2~41Z, W75 @i & Manson—Haferd Parameter % Ft » T 58!
L7453 % Fig. 81583, 2D =¥, 1.25Cr-0.5Mo i)
BOLUBES ELMICET 28 - MBSO 7 — #
NRIM21BYDF-Hjffi 15 L M HEFRR (P98 30) % e

44

13mrrl| 50.8mm

‘ 32mm }

PN

—

Weld Metal

imm

Root Radius
0.1mm

Fig. 7. Spirally notched cross-weld specimen.
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Fig. 8. Manson—Haferd parameter—stress correlation for the service-exposed 1.25Cr-0.5Mo steels.
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Table 2. Time to rupture for homogeneous specimens.

T Stress | ¢, for flange | ¢, for pipe | f. for weld metal
(K) (MPa) (hr) (hr) (hr)
873 60 8210 2701 5348
873 60 8416 1974 -
883 60 - - 4254
873 100 296 57 800
883 80 1135 199 -
883 100 199 25 -
903 60 1725 418 -
923 60 508 130 357
923 60 697 110 -
943 30 1563 834 1085
943 40 888 323 447

Table 3. Testing results for square cross-weld specimens.

T Stress t, Failure Ultimate failure
(K) (MPa) (hr) location mode
823 125 87 Pipe parent Transgranular
853 80 996 Pipe parent Transgranular
873 60 2245 Flange CGZ Intergranular
883 60 1663 Flange HAZ Intergranular

(Typelll &TypelV)

883 60 2158 Pipe parent Transgranuiar
883 60 1712 Pipe parent Transgranular
923 30 2609 Pipe parent Transgranular
923 30 2662 Pipe parent Transgranular
923 60 84 Pipe parent Transgranular

CGZ: Coarse Grained HAZ

Table 4. Testing results for spirally notched cross-weld
specimens.
T Stress t, Failure Ultimate failure

(K) (MPa) (hr) location mode

873 60 3491 Flange ICZ Intergranular
873 100 399 Pipe parent Transgranular
883 60 1167 Flange 1ICZ Intergranular
883 90 296 Pipe parent Transgranular
903 60 913 Flange ICZ Intergranular
923 60 348 Pipe parent Transgranular
943 30 1151 Flange ICZ Intergranular
943 40 601 Flange ICZ Intergranular

ICZ: Intercritical HAZ  (Intercritical Region)
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Fig. 9. Iso-stress behavior of homogeneous and cross-weld
specimens.

Fig. 10.

Cross-section of a sectioned spirally notched
specimen. Tested at 650°C and 60 MPa. (Flange is
located on the right.)
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Fig. 11.

Cross-section of a sectioned spirally notched
specimen. Tested at 610°C and 60 MPa. (Flange is
located on the right.)
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Fig. 12. Life fraction—cavity density correlation.
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Fig. 13. Life fraction—strain correlation for square cross-
weld specimens.
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Fig. 14. Type Il damage stressed at 30 MPa. (Tested at
650°C.)

gt

Fig. 15. Type III damage stressed at 60 MPa. (Tested at
610°C.)
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Fig. 16. Feature of Type IV damage in the middle of the
wall. (Sectioned after failure.)

Fig. 17. Feature of Type IV damage near the top surface.
(Sectioned after failure.)
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